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Synchrotron X-ray Scattering Measurements of Disordered Materials
Shinji Kohara1,2,3,4), Koji Ohara4), Hiroo Tajiri4), Chulho Song2), Osami Sakata1,2), Takeshi Usuki5), Yasuhiko 
Benino6), Akitoshi Mizuno7), Atsunobu Masuno8), Junpei T. Okada9), Takehiko Ishikawa9), Shinya Hosokawa10)
ڦSummary ڦ
With the advent of third-generation synchrotron sources and the development of light source techniques, X-ray 
scattering techniques have become feasible, leading to new approaches for studying the structures of disordered
materials in a quantitative manner. We introduce a dedicated diffractometer for high-energy total X-ray scattering
measurement and a newly developed anomalous X-ray spectrometer at SPring-8. As advanced methodologies for 
the measurement of liquids, we now offer three state-of-art levitation instruments for aerodynamic levitation, 
electrostatic levitation, and acoustic levitation at the SPring-8 beamlines, covering a wide temperature range of 
í40-3000qC. Furthermore, scientific investigations of glasses, liquids, and amorphous materials reported in the 
last five years at SPring-8 are reviewed.
Figure 6: D'LIIHUHQWLDOVWUXFWXUHIDFWRUVǻܵ(ܳ) for Nb in 25BaO-50Nb2O5-25P2O5 glass together with 
the total structure factor ܵ(ܳ) obtained by HEXTS measurement and (b) total correlation functions ܶ(ݎ)
for 25BaO-50Nb2O5-25P2O5 glass. ܵ(ܳ) and ܶ(ݎ) for HEXTS are displaced upward by 3 and 5 units, 
respectively, for clarity. The solid and dashed curves of ܶ(ݎ) were obtained by Fourier transformation 
with ܳmax = 9.9 Åí1 and 25 Åí1, respectively.
ڦKey word ڦ
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ڦAffiliation ڦ
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Microscopic structural analysis of lead borate-based glass
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ڦSummary ڦ
The development of an iodine immobilization technique that can retain radioactive iodine in a waste form for a 
long period and constrain its leaching into pore water is necessary in order to secure the long term safety of 
geological disposal of transuranic waste. Lead borate glass vitrified at a low temperature is regarded as a 
promising material for immobilizing the Iodine-129 that is recovered from spent AgI filters used in reprocessing 
plants in Japan.  
Structural models of lead borate-based glass were constructed by the Reverse Monte Carlo (RMC) method 
based on experimental information from such sources as neutron and high-energy X-ray diffraction, XAFS, and 
11B MAS NMR spectroscopic analyses.
The neutron structure factors [SN(Q)] and X-ray structure factors [SX(Q)] that were calculated by RMC and 
measured by J-PARC/MLF-BL20 and SPring-8/BL04B2 suggest that RMC results are consistent with
experimental measurements and reveal that structural information of neutrons is indispensable for analyzing the 
surrounding boron structures. 
Fig. 7. Comparison of structure factors between RMC calculations and experimental results.
Fig. 8 (left). A typical structure of Pb 
coordination with shared corners and edges. 
Fig. 9 (right). Pb-I binding in the structural 
model of BPI vitrified glass
ڦKey word ڦ
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ڦAffiliation ڦ
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Investigation of electronic structure of amorphous niobium oxide based on the 
density functional theory calculation of crystalline niobium pentoxide polymorphs
Chinatsu Oki1), Go Sajiki2), Shinichi Sakida3), Yasuhiko Benino4), Tokuro Nanba5)
ڦSummary ڦ
Electronic structure of amorphous niobium oxide prepared by a sputtering method was investigated based on 
optical absorption and photoelectron spectroscopies. In the valence band photoelectron spectra, broad peaks 
without any characteristic components were observed. Then, theoretical calculations based on a density functional 
theory were performed to interpret the experimental spectra by using three Nb2O5 polymorphs. Among the 
polymorphs, M-phase with tetragonal structure showed better reproducibility than the other B- and R-phases with 
monoclinic structure. It was finally concluded that the amorphous niobium oxide had a similar electronic structure 
to M-Nb2O5, and it was supposed that the broad feature in the photoelectron spectra was due to the broad 
distribution of NbO bonds in NbO6 polyhedra, which was characteristic in M-Nb2O5. 
(a) XPS (b) UPS
Fig. 5. (a) XPS and (b) UPS of B-, R-, and M-phases of Nb2O5 obtained from DFT calculations and 
experimental spectra of amorphous NbOx.
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ڦAffiliation ڦ
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2) Technical Personnel, National Institute of Technology, Kagawa College
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10. SnO2/㓟໬ࢢࣛࣇ࢙ࣥࢼࣀࣁ࢖ࣈࣜࢵࢻࡢྜᡂ࡜࣮ࣟࢲ࣑ࣥ B ྍどගศゎ཯ᛂ࡬ࡢ
ᛂ⏝
11. N,N'-ࢪࢺࣜࢹࢩࣝ⨨᥮ 6,13-ࢪࣄࢻࣟ࣌ࣥࢱࢭࣥࣅࢫ࣑ࢻࡢྜᡂ࡜ᛶ㉁

⎔ቃ㧗ศᏊᮦᩱᏛ◊✲ᐊ㸦ᣦᑟᩍဨ㸸ᮌᮧ㑥⏕࣭ᒣᓮៅ୍㸧
12. PETᶞ⬡ࡢ࢔ࢵࣉࢢ࣮ࣞࢻᆺࣜࢧ࢖ࢡࣝἲࡢ㛤Ⓨ
13. 㧗ศᏊ」ྜᮦᩱࡢ࣏࣡ࣥࢵࢺྜᡂࢆ┠ᣦࡋࡓ࣏࢚ࣜࢳࣞࣥࡢ୰࡛ࡢ࣏ࣜ࢖࣑ࢻ⤖
ᬗࡢㄪ〇
14. ୺㙐࡟୍ᐃ๭ྜ࡛࣓ࢳࣝᇶࡀᑟධࡉࢀࡓ⎔≧ཬࡧ┤㙐≧࣏࣓ࣜࢳࣞࣥࡢ⤖ᬗ໬࡟
ཬࡰࡍࢺ࣏ࣟࢪ࣮ຠᯝ
15. పศᏊ㔞⎔≧࣏࢚ࣜࢳࣞࣥࡢ⤖ᬗ໬࡟ཬࡰࡍᢡࡾࡓࡓࡳࡢຠᯝ࡜┤㙐㢮ఝయ࡜ࡢ
ࣈࣞࣥࢻ࡟ࡼࡿ⤖ᬗ໬ไᚚ

⎔ቃࣉࣟࢭࢫᕤᏛ◊✲ᐊ㸦ᣦᑟᩍဨ㸸ᮌᮧᖾᩗ࣭ᓥෆᑑᚨ㸧
16. ࢱࣥࣃࢡ㉁ࡢ␗ᖖ⵳✚࣭⤖ᬗ໬ࢆไᚚྍ⬟࡞ᮦᩱ⏺㠃ࡢタィ
17. ள⮫⏺Ỉங໬ἲ࡟ࡼࡿࢼࣀ࢚࣐ࣝࢩࣙࣥᙧᡂᶵᵓࡢゎ᫂
18. ⢾ಟ㣭⬡㉁⭷⏺㠃ࡢ≉ᛶホ౯࡜ศᏊㄆ㆑ᶵ⬟࡬ࡢᙳ㡪㹼࢔࣑ࣟ࢖ࢻᙧᡂࢆ஦౛࡟
㹼
19. ᭷⏝࡞ࣂ࢖࣐࢜ࢫኚ᥮཯ᛂ࡟ཬࡰࡍ࣏ࣜࢯ࣮࣒ࡢಁ㐍ຠᯝ
20. ள⮫⏺Ỉங໬ἲ࡟ࡼࡿ㧗ศᏊྵ᭷࢚࣐ࣝࢩࣙࣥࡢㄪ〇࡜⾲㠃ᨵ㉁ᢏ⾡࡬ࡢᛂ⏝

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⎔ቃ཯ᛂᕤᏛ◊✲ᐊ㸦ᣦᑟᩍဨ㸸ຍ⸨჆ⱥ࣭࢔ࢬࣁ࢘ࢵࢹ࢕ࣥ㸧
21. ప⃰ᗘ࣋ࣥࢮࣥࡢ᏶඲㓟໬࡟㐺ࡋࡓ㓟໬㖡୍㓟໬ࢥࣂࣝࢺ⣔ゐ፹ࡢㄪ〇࡜ホ౯
22. ὶ㏻ᘧᐜჾ࡟ࡼࡿ〇㗰ࢫࣛࢢ࠿ࡽᾏỈ୰࡬ࡢ࢔ࣝ࢝ࣜ⁐ฟᣲື
23. ࢮࣟ౯㕲⢊ࢆ⏝࠸ࡓỈ୰ள㖄࢖࢜ࣥࡢ㝖ཤ㏿ᗘ
24. ගࣇ࢓࢖ࣂ⾲㠃࡬ࡢ ZSM-5⭷ྜᡂ

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